Gold exploration works in central Anatolia, Turkey, were intensified during the last decade, and potentially important gold mineralizations were discovered. In the region, important gold discoveries hosted by metamorphic and granitic rocks are, in the west, Savcılıebeyit and Terziali (Kırşehir), in the middle part, Himmetdede and Mahmatlar (Kayseri), Akçataş (Nevşehir), and at the southeast, Gümüşler (Niğde) mineralizations. The Savcılı gold mineralization consists mainly of gold-quartz veins, and is the first discovered gold enrichment hosted by metamorphic rocks of west-central Anatolia. These veins are situated at the southeastern margin of the Cefalıkdağ-Baranadağ granite-migmatite dome, at 60 km west of the city of Kırşehir. In this study, preliminary results of geological and structural investigations of the gold-quartz veins are presented. The study area is part of the Palaeozoic-Mesozoic Kırşehir Massif that comprises mainly high-grade metamorphic and plutonic rocks covered by Cenozoic sediments. The gold-quartz veins are hosted by migmatite, migmatitic gneiss, gneiss-schist-marble intercalations, calc-silicate gneiss and marble. Quartz veins are discordant with respect to the foliation and major lithologic boundaries, and have sharp contacts with the enclosing metamorphic wall rocks. Veins occur as single or composite, relatively continuous veins that are up to about 2 km long and extend for at least 200 m down dip. Their thickness ranges from a few millimetres to two metres. The gold-quartz veins consist mainly of quartz, arsenopyrite, pyrite and secondary haematite and limonite. Other common minerals in the veins are calcite, muscovite, biotite, chlorite and epidote. The distribution of gold is erratic, and only weathered, haematite-and limonite-rich parts of the veins near the surface consistently display higher gold contents. Homogenisation temperatures obtained from fluid inclusions in the quartz vein have a wide range, from 160˚C to well above 400˚C. The fluid inclusions are generally rich in carbon dioxide and also have high salinities (20-33 % NaCl equivalent). The gold-quartz veins have many similarities to orogenic gold deposits in terms of metal associations, wall-rock alteration assemblages, mineralogy, formation conditions and structural control. The spatial association of the veins with migmatites, high-grade metamorphic rocks and granitoids suggests an origin related to metamorphism, uplift and/or migmatite doming and granitoid emplacement in central Anatolia.
INTRODUCTION
Although central Anatolia has historically been recognised for hosting significant lead-zinc, iron, molybdenum-copper, fluorite and antimony deposits, gold exploration has only intensified during the last decade, resulting in the discovery of a few potentially important gold-ore bodies (Savcılıebeyit and Çayağzı (Terziali)-Kırşehir; Mahmatlar-, and HimmetdedeKayseri, Akçataş-Nevşehir and Gümüşler-Niğde) (Fig. 1) . Some previous studies have established the existence of gold in this region. Özcan and Çağatay (1989) reported scheelite mineralisation associated with quartz veins within silicified metamorphic rocks of the Kırşehir region. Genç et al. (2003) and Coşkun Delibaş and Genç (2004) described saprolitic gold enrichments in the same region. Moreover, gold grains have been found in some stream sediments derived from metamorphic rocks of the massif (H. Türkmen, pers. comm. 2004 ).
In the Gümüşler and Çamardı areas of the Niğde Province, Pehlivan and Alpan (1986) found gold, cinnabar, and scheelite grains in stream sediments and identified several anomalous locations for gold, mercury and scheelite. In the same region, Akçay (1994) reported near-surface gold enrichment zones (up to 37 ppm) in Sb-Hg-W-bearing quartz veins.
Gold-quartz veins (GQVs) near Savcılıebeyit village, 60 km west of Kırşehir, are the first discovered gold occurrences hosted by metamorphic rocks in westcentral Anatolia (Fig. 1 ). They were found in 1999 as a result of systematic exploration carried out in central Anatolia by MTA (Mineral Research and Exploration Institute). Gold anomalies were detected through a programme of stream-sediment, soil and hard-rock geochemical studies facilitated by trenching and 670 m of drilling. There is no sign of ancient goldmining activities at the site. However, the Kırşehir region does have important vein-type fluorite deposits hosted by granitoids (Bayındır, Akçakent, Pöhrenk, etc.) (Genç et al. 2003a ).
The first studies on these GQVs were undertaken by Genç and Türkmen (2002) and Genç (2004) . In these studies, GQVs were classified as mesothermal and orogenic gold deposits. However, their modes of formation are still not well understood. According to Groves et al. (1998) , orogenic gold deposits form during compressional to transpressional deformation processes at convergent plate margins in accretionary or collisional orogens. Central Anatolia is part of the Alpine-Himalayan collisional belt and located within the convergence zone between the Eurasian and Afro-Arabian plates, and GQVs formation may therefore be attributed to the regional compressional tectonic regime. Recently, Genç and Yürür (2010) proposed that an extensional tectonic regime took place after the Late Cretaceous convergence in the region. This is why geological outlines that may be derived from the study of gold mineralizations would be useful to better understand the regional tin 1955; Seymen 1982; Tolluoğlu 1986; Göncüoğlu et al. 1991) . The Central Anatolian Massif is bounded by the Izmir-Ankara-Erzincan suture zone to the north, the Ecemiş fault zone to the east, and the Tuz Gölü fault to the southwest (Fig. 1) . The massif consists of three submassifs, namely the Kırşehir, Akdağ and Niğde (Fig. 1) .
The oldest rock units in the Kırşehir submassif are metamorphic rocks which comprise mainly migmatite, gneiss, schist and marble. The stratigraphically lowest unit mainly contains the highest-grade rocks: amphibolite-interlayered migmatites, migmatitic gneisses, alternations of calc-silicate gneisses, schists, and marbles. This basal unit is unconformably overlain by lower-grade (amphibolite-facies) mica schists with marble, amphibolite, calc-silicate gneiss and quartzite intercalations. These metamorphic rocks grade upward into the lowest-grade (greenschist-to amphibolite-facies) rocks dominated by marble with mica and amphibole-schist intercalations. Silurian-Devonian and Carboniferous-Permian depositional ages for the basal and upper parts of the Kırşehir Massif, respectively, were proposed by Genç (2003) .
Conflicting ages are given in the literature for the metamorphism of the massif. Older studies suggested a polyphased metamorphic history with ages ranging from Early Palaeozoic to Late Mesozoic (Pollak 1958; Brinkmann 1971 and . However, any traces of pre-Alpine movements in central Anatolia cannot be observed (Ketin 1966; Erkan 1976; Seymen 1984; Whitney et al. 2001) . New petrogenic and radiometric data obtained from metamorphic and plutonic rocks of central Anatolia indicate a singlephase, Late Cretaceous regional metamorphism related to crustal thickening, and a later high-temperature overprint associated with magmatism, uplift and exhumation (Erkan and Ataman 1981; Seymen 1982; Whitney and Dilek 1998; Whitney et al. 2001) .
In comparison to moderate P -high T regional metamorphic rocks, the low P -high T -overprinted metamorphic areas occupy relatively restricted zones, typically with a granitic or gneissic core (Göncüoğlu 1986; Erkan 1980; Özer and Göncüoğlu 1983; Tülü-men 1980; Whitney and Dilek 1998) .
Metamorphic rocks of the massif are characterised by clockwise P-T paths at moderate P-high T (6-7 kbar and 750 °C) with local low P-high T (3-5 kbar and 700-800 °C) overprinting (Erkan 1976; Seymen 1984 and Whitney et al. 2001 (Erkan and Ataman 1981; Göncüoğlu 1986; Whitney et al. 2003) .
The metamorphic rocks are intruded by granitoid and syenitoids with radiometric ages ranging from 79.5 +1.7 to 39.2+1.2 Ma (total Pb, Ar/Ar, Rb-Sr and apatite fission track ages) (Ayan 1963; Ataman 1972; Erkan and Ataman 1981; Whitney et al. 2001; Kadıoğlu et al. 2003; İlbeyli et al. 2004 ).
The metamorphic rocks are overlain by an Upper Cretaceous, unmetamorphosed volcano-sedimentary series of diabase, basalt, radiolarian chert, pelagic limestone, shale and serpentinite (Seymen 1982) , and the two units are separated by the Kaman detachment fault. A sedimentary sequence of Lutetian age nonconformably overlies the metamorphic basement rocks, Upper Cretaceous series and granitoids of the Kırşehir Massif.
Savcılıebeyit Area
The Savcılıebeyit area is at the southeastern flank of the Cefalıkdağ-Baranadağ granitoid-migmatite domal structure (Fig. 2) . The long axis of the dome trends NE-SW, and dome dimensions are ~ 10 km NE-SW by ~ 5 km NW-SE. Although the eastern margin of the dome is transitional with metamorphic rocks, its western margin is defined by detachment faults. The dome is asymmetrical, with the apex located on the eastern side of the structure. The granite-migmatite dome and surrounding metamorphic rocks are described by Genç (2004) as the Kırşehir Metamorphic Core Complex. The granitic core of the dome comprises monzonite, monzodiorite and granite. These rocks are coarse-grained and contain feldspar megacrysts up to 10 cm in length (Geven 1992; Aydın and Önen 1999; İlbeyli et al. 2004 ). The youngest magmatic phases are represented by Seymen, 1981 , Seymen 2000 , Tolluoğlu 1986 ve Whitney vd. 2001 .
microgranite stocks and aplitic-pegmatitic dykes that cut the monzonitic and granitic rocks of the older phases. 40 and 47 Ma apatite fission-track ages for these intrusives are reported by Fayon et al. (1999) . In the Tamadağ area (Fig. 2) , metamorphic rocks are preserved in the northwestern part of the dome roof and are intruded by aplite dykes. At the contacts, they are slightly contact metamorphosed.
Around Savcılıebeyit village, the transitional granitic core-metamorphite contacts dip moderately (40-50˚) to the northwest and are defined by a narrow zone of steeper foliations and closely spaced orthoclase, microcline, sillimanite and scapolite isograds. These isograds parallel the core-envelope contact in the east. In the Savcılıebeyit area, lithologic layering and metamorphic stratigraphy are overturned, with younging directions facing mainly to the east and southeast. In normal, primary metamorphic stratigraphy, from bottom to top, the metamorphic rocks in the area consist of migmatite, migmatitic gneiss, a gneiss-schist-marble intercalation, quartzite, calcsilicate gneiss and marble (Fig. 3 ).
Migmatites are located in the western part of the area and have transitional contacts with the graniticmonzonitic core of the migmatite dome outside of the map area (Fig. 4) . From core in the west to the east, and in the opposite sense of the dip direction of the lithological contacts, there is a gradational and conformable change from diatexitic migmatite, through metatexitic migmatite and migmatitic gneiss, and then to gneiss and schist.
The diatexite migmatite unit has a granitic appearance and corresponds to the hornblende granite of Geven (1992) . This unit is dominated by a granitic matrix and contains enclaves of disrupted refractory layers and blocks of amphibolite, marble and metatexite ( Fig. 5A ). In the diatexite, pre-migmatisation structures are not preserved, but there is a well-developed flow banding.
The metatexite migmatite unit consists of dark green-grey, fine-grained layered host containing premigmatisation structures such as layering, banding and foliation (Fig. 5B, C and D) . The majority of leucosomes parallel these structures. A gneiss-schistmarble intercalation overlies the migmatite unit, and mainly comprises mica gneiss, mica schist, amphibole schist, calc-schist and marble (Fig. 3 ). It locally contains small (15-20 m long) pockets of lensoidal pegmatite, tourmaline pegmatite and leucogranite.
The calc-silicate gneiss unit covers the gneissschist-marble intercalation along a transitional contact, and consists mainly of calcite, wollastonite, diopside and garnet. A 5-10 m thick, characteristically deep brown-grey quartzite layer is stratigraphically between the calc-silicate gneiss and gneiss-schistmarble intercalation (Fig. 3) . The calc-silicate gneiss unit grades into white marble at the top of the sequence (Fig. 3 ).
All units have undergone regional metamorphism to varying degrees, from greenschist-amphibolite to granulite facies (Erkan 1976; Tolluoğlu and Erkan 1989; Seymen 2000; Whitney et al. 2001 ). Metamorphic-mineral parageneses reveal steep metamorphic gradients away from the granite, through the granulite-grade cordierite-sillimanite-bearing core, into amphibolite-and greenschist-facies rocks towards the southeastern flank of the dome ( Fig. 2) (Seymen 1982; Tolluoğlu 1986; Whitney et al. 2001 ).
The dominant structural feature of the metamorphic rocks is folding. Seymen (1981) distinguished four folding and one brittle deformation phases in these metamorphic rocks. According to Seymen (1981) , ductile deformation was followed by a brittle stage indicating uplift to higher levels. Whitney et al. (2003) reported a minimum age of 69 Ma for fabric-forming deformation in metamorphic rocks of the Niğde region. Other significant structural features are the NW-SE-trending Savcılı and NE-SW-trending Kaman detachment faults (Fig. 2) . The Savcılı detachment fault lies in the southern part of the dome and the Kaman detachment fault, which limits the dome to the west, is between the dome and Upper Cretaceous volcano-sediments. Whilst the Kaman fault must be older and active during the late stages of doming, the Savcılı fault was active after dome emplacement, during Oligocene-Pliocene time (Genç and Yürür 2004) .
Gold-Quartz Veins
Quartz veining occurs in two main types: barren pegmatitic quartz veins and gold-quartz veins. Barren pegmatitic quartz veins are characterised by pegmatitic texture and comprise mainly K-feldspar and massive quartz (Fig. 6A) ; they occur near the granite core, within the migmatites, and have a NE-SW orientation generally parallel to the aplite dykes (Figure 4 ).
The gold-quartz veins are hosted by migmatite, migmatitic gneiss, the gneiss-schist-marble intercalation, Genç and Yürür / Yerbilimleri, 2018, 39 (3) , 155-176 calc-silicate gneiss and marble (Fig. 4) , and have a general E-W orientation. Vein systems consist mainly of a well-defined set of closely spaced, subparallel and structurally related veins that are individually discontinuous and have variable widths (Fig.4, Fig.6B , C, D and E). The quartz veins are discordant with respect to the foliation and major lithologic boundaries, and have sharp contacts with the enclosing metamorphic wall rocks (Fig.4, Fig.6G , H and I). In the deeper parts of the system, as seen in the drill core, some quartz veins parallel foliation surfaces (Fig. 7) . Although the thickness of the veins ranges from a few millimetres to two metres, and up to hundreds of metres in length, most of the quartz veins are less than 15 cm wide and continuous for only a few metres. The longest quartz veins made up of massive white quartz are on the decimetre to metre scale, with minor brecciation and calcite enrichment at vein margins. The general strike of the subvertical goldquartz veins is E-W (Fig. 4) . They have been detected down to depths >200m. Adjacent to the quartz veins, the host rocks commonly display metasomatic effects (Fig. 7) . Between the distant individual quartz veins, the metamorphic rocks rarely show visible evidence of alteration. Simple quartz veins are well developed in the mica schist, whereas subparallel vein sets are observed in the marble. The subparallel veins commonly occur in zones up to 40 m wide. The vein quartz is generally massive (Fig. 6D and F) , clear white to dark grey and coarse grained. Banded and breccia textures are abundant (Fig. 6C) (Fig. 7) .
Alteration
In the Savcılı area, host rocks display both supergene and hydrothermal alteration. The supergene alteration zones are characterised by their reddish brown colours (Fig. 6F) and by high limonite, haematite, kaolinitic clay and local gypsum content. Supergene alteration is restricted to the upper part of the quartz veins and to surrounding metamorphic rocks covered by Lutetian sediments (Figure 4 ). In the uncovered metamorphic rocks and quartz veins, supergene alteration is quite weak or absent. As a general trend, the intensity of alteration decreases from the contact with the Lutetian sediments at the top to the lower parts of the metamorphites and quartz veins.
Hydrothermal alteration is selectively vein-controlled and limited to the immediate vicinity of the quartz veins (Fig. 7) . Alteration zones generally vary from a few cm to 2 m in width, with broader zones surrounding the thickest quartz veins. Within the same lithology, such as gneiss or schist, the alteration may be traced parallel to the quartz veins, both along strike and down dip, for tens of metres, showing little variation in mineralogy. The proximal alteration zone is characterised by the mineral assemblage quartz, biotite, albite, calcite, chlorite, sericite and/or muscovite, epidote, pyrite, arsenopyrite and pyrrhotite. The distal alteration assemblage is chlorite, sericite and calcite. Boundaries between proximal and distal alteration zones may be sharp or gradational over centimetres to decimetres. The hydrothermal mineral assemblages vary with depth (Fig. 7) . Proximal alteration in the upper part is marked by light white-yellow and brownish colours, indicating sericitisation and silicification. In the deeper part of the vein system, the main proximal alteration minerals are quartz, biotite, muscovite, albite, chlorite, calcite and epidote (Fig. 7, Fig. 8A , B, C and D). Quartz, biotite and albite occur as both veinlets and irregular aggregates in metamorphic rocks whereas muscovite, chlorite and calcite in distal alteration zones mainly replace feldspar in the wallrock and occur as aggregates (Fig. 8A, B) . Proximal alteration haloes around quartz veins also contain disseminated arsenopyrite, pyrite and pyrrhotite (Fig. 7) . The muscovite + albite paragenesis of the alteration zones suggests that the quartz veins have formed from fluids of approximately neutral pH (McCuaig and Kerric 1994) . Opaque mineral assemblages within the quartz veins reflect greenschist-to amphibolite-facies conditions. According to McCuaig and Kerric (1994) , the pyrite + arsenopyrite + stibnite + pyrrhotite paragenesis characterises subgreenschist-to low-amphibolite-facies conditions, whereas the loellingite + arsenopyrite + magnetite + ilmenite + pyrrhotite assemblage is typical of amphibolite-granulite-facies conditions. The variation of hydrothermal mineral assemblages with depth suggests changing pressure and temperature conditions with depth or lateral proximity to the granitic core of the granite-migmatite dome. 
Şekil 6. Savcılıebeyit alanındaki altınlı kuvars damarları ve bunlara bağlı alterasyonları gösteren fotoğraflar. A) Pegmatitik kuvars damarları, mq: masif kuvars; fs: feldspatça zengin kenar zonu; met: metateksitik yan kayaç. B) Metateksitik migmatiti kesen paralel kuvars ve hematit-limonit damarları. C) Bantlı kuvars damar mostrası. D) Migmatitik gnaysı kesen masif kuvars damarı (mqv). E) Metateksitik migmatiti kesen paralel kuvars damarcıkları. F) Hematit-limonit damarları açısından zengin superjen alterasyon zonları. G, H ve I) D-1 sondajı karotlarının değişik derinliklerinde gözlenen damar dokuları. G) 25.50-26.0 m; kuvars-pirit damarcıklarınca kesilmiş metateksitik migmatitler. Migmatitlerde hematit boyamaları yaygındır. H ve I) Mika gnaysda breşik kuvars damarları (beyaz) ve yankayaç parçaları (gri

Fluid inclusions
Discussion and Conclusions
Temporal relationships between vein formation and geological events
According to the geological and structural evidence presented here, the Savcılı gold-quartz veins are epigenetic and structurally controlled by E-W-trending vertical tensional fractures. The veins cut across all rock types except the Middle Eocene sediments. Pegmatitic quartz-feldspar veins and auriferous quartz veins formed at different structural levels and may have different ages of formation within the context of granite-migmatite doming. Pegmatitic barren quartz-feldspar veins are hosted by migmatite close to the granite core and are spatially related to aplite dykes. Gold-bearing quartz veins cut across the foliation and bedding of the schists and gneisses that were folded during the granite-migmatite doming.
To the west, gold-quartz veins also cut progressively higher-grade rocks towards the migmatite core. This veining post-dates metamorphism and ductile deformations of Late Cretaceous age. Erkan and Ataman (1981) reported 69+1.7 and 69.7+1.6 Ma K-Ar ages on biotite in metamorphic rocks of the Kırşehir region; these ages record the cooling of the metamorphic rocks to <350°C and provide a minimum age for metamorphic deformation, and also a maximum age for brittle deformation and/or vein formation. The presence of blocks of quartz-vein material in the basal conglomerate of the Lutetian sediments suggests that the veins are older than Lutetian (40-46 Ma, ICS, 2004) . These ages are also in agreement with fission-track ages (40 and 47 Ma: Fayon et al. 1999) of the granites, which give the age of the granites' exhumation to near the surface. Thus, the hydrothermal event associated with mineralisation took place between Late Cretaceous (Maastrichtian) and Lutetian, during the latest, brittle stages of doming and exhumation of the metamorphic rocks of the Kırşehir Metamorphic Core Complex. This also suggests that gold-quartz veins were formed by a long-lived hydrothermal system of crustal scale. Without radiometric age data, it is not possible to give a better estimate for the duration of vein formation. Similar long-lived hydrothermal systems are also reported in the northwestern Alps and in the Variscan belt of Western Europe (Pettke et al. 1999 and Bouchot et al. 2000; Boiron et al. 2003) . According to Pettke et al. (1999 and , the ore-bearing fluid was produced by a 20 m.y. history of prograde metamorphic devolatilisation of calc-schists at depth. On the other hand, for the Variscan Au, Sb, W orogenic deposits in the French Massif Central, Bouchot et al. (2000) and Bellot et al. (2003) gave a duration of 5 Ma for the Au-W-Sb "metalliferous peak".
Conditions of gold-quartz vein formation
Sharp contacts with host rocks and the small extent of metasomatism in the wall rocks indicate that fluid/ rock ratio was low during vein formation, and fluids appear to have migrated slowly. The banded and brecciated nature of some quartz veins suggests multiple fluid events. On the other hand, alteration mineral parageneses reveal that quartz veins have formed at different structural levels and pressuretemperature conditions. According to McCuaig and Kerric (1994) , in granitoid host rocks, the quartzalbite-muscovite-chlorite paragenesis characterises sub-to mid-greenschist-facies conditions and shallower formation depths (225 -400˚C, <1 -3 kbar and <5 to 10 km), whereas the occurrence of biotite in the paragenesis indicates higher pressure-temperature and depth conditions (375 -550˚C, 2 -4 kbar, 7 -14 km, greenschist-amphibolite transition). Mono-or bimineralic alteration selvages (Fig. 8 A, C) adjacent to the veins are indicative of formation within an open hydrothermal system. Homogenisation temperatures of fluid inclusions give a wide temperature of formation range, from 160˚C to well above 400˚C for quartz veins. Based on fluid-inclusion data, these temperature conditions -which are lower than those of the amphibolite facies -appear to have developed during the last stages of doming or the waning stages of regional metamorphism. Discordant quartz veins in the migmatite and gneiss units suggest that vein emplacement must have taken place under retrograde, brittle conditions in a near-surface environment above the brittle-ductile transition zone. Such a situation is possible after shallowing of the highgrade metamorphic rocks and migmatites through migmatite doming and/or post-orogenic granitoid emplacement, during brittle fracturing at shallow crustal depths (Fig. 9 ).
According to structural and petrographic data given in this study, the initiation of granite-migmatite doming was synchronous with low pressure-high temperature metamorphism in the region. The age of metamorphism in the Kırşehir Massif is interpreted from K/Ar biotite and hornblende ages to have been between 69.7 + 1.6 and 74.2 + 2.7 Ma (Erkan and Ataman 1981) . These data were interpreted by those authors as the emplacement and cooling ages of the granitoids. Similarly, in the Niğde region, exhumation of sillimanite-zone metamorphic rocks and plutons to shallower depths (<12 km) occurred between 78 to 74 Ma (Whitney et al. 2003) . Ascent and emplacement of the granitoid-migmatite dome may have developed partly through ductile remobilization of the migmatitic lower part of the metamorphic pile and partly through emplacement of successive generations of hornblende granite and microgranite derived by melting of the lower crust (Fig. 9A, B) . Blocks of high-grade metamorphic rocks and deformation structures within metatexite, and the orientation of enclaves parallel to the general flow structure within diatexite, apparently represent a flow pattern due to upward migration of the migmatites (Figs.5 and 10). Migmatites may have formed at different depths. Under normal geothermal gradients (30 -40˚C/km), migmatite formation can occur at depths of about 15 -25 km. During metamorphism, the geothermal gradient, however, may be higher than normal (50 -150˚C/km), and migmatite formation can occur at about 4 -10 km below the surface (Mehnert, 1968) . High-grade metamorphic rocks and granitoids imply a high thermal gradient in the Kırşehir region. Accordingly, migmatitisation in the Savcılıebeyit area may have occurred at shallower depths -at less than 10 km. Active shallow Curie point depths (8-10 km) in central Anatolia (Genç and Yürür 2010) also support this conclusion. The cause of the asymmetry and southeastward tilting of the dome may have been due to movements on the Kaman detachment fault. Tilting of the dome may have been responsible for the southeastward overturning of the metamorphic sequence and the opening of tension fractures later filled by gold-quartz veins (Fig. 9B, C) .
The origin of fluids
The origin of the fluids responsible for the formation of gold-quartz veins in high-grade metamorphic rocks has long been debated. Different sources have Genç and Yürür / Yerbilimleri, 2018, 39 (3) , 155-176 Figure 9 . A schematized scenario (not to scale) for the evolution of granite-migmatite doming and quartz veining in the Savcılıebeyit area. A) Prograde metamorphism and partial melting of the lower part of the metamorphic sequence by heat input during late Cretaceous underplating felsic/mafic magmatism. B) Widespread partial melting triggered the ascent of the granite-migmatite dome. C) Tilting and emplacement of the dome, formation of tension fractures in the upper part of the dome and filling of these fractures later with gold-quartz veins. 1998; Goldfarb et al. 1998; Stüve 1998; Eilu et al. 1999; Gleeson et al. 2003; Groves et al. 2003) . For some regions, the role of meteoric waters penetrating to deeper parts of the crust through detachment faults has also been considered important (Munz et al. 1995; Robert 1995) .
For the Savcılıebeyit area, the origin of the goldquartz vein-forming fluids is as yet uncertain. The close temporal and spatial association of migmatite and post-orogenic granitoids with gold-quartz veins suggests that fluids may have been both of magmatic or metamorphic origin. However, in the literature, highly saline and CO 2 -rich fluid inclusions characteristic of the Savcılı area are generally accepted as a sign of mantle degassing or lower-crust granulitisation (Fyon et al. 1984; Cameron 1988 Moderately to highly saline ore-forming brines are also detected in iron-oxide copper (gold) deposits (Hitzman 2000; Pollard 2000 and . However, these deposits display extensive sodic alteration, comprising albite, magnetite, chlorite, or actinolite, usually associated with scapolite, haematite, epidote, calcite and titanite (Haynes 2000) . Neither alteration types nor ore-mineral content of the Savcılı gold-quartz veins are similar to those of iron-oxide copper (gold) systems. The cause of the high salinity of ore-forming fluids in the Savcılı area could be metaevaporitic intercalations within calc-silicate gneisses, surface saline-water sources, or interaction of hydrothermal fluids with anhydrous rocks. The existence of metaevaporitic intercalations within the Kırşehir massif was reported by Genç (2001) . On the other hand, recent deep drilling and isotope studies have documented the presence of highly saline fluids (up to 40 wt% NaCl equivalent) in basement rocks at depths of up to 10 km (Möller et al. 1997; Smith et al.1998; Stober and Bucher 1999; Gleeson et al. 2003) . In accordance with this documentation, Mullis et al. (1994) reported CO 2 -rich continental fluids from the Central Alps and concluded that the CO 2 component was derived from the oxidation of graphitic matter -especially in the vicinity of sulfatebearing metasediments -and from decarbonation reactions.
Observations of drill cores reveal that, in the deeper part of the section at Savcılıebeyit, wollastonite-rich calc-silicate gneisses are abundant. According to Bucher and Frey (1994) , wollastonite-rich rocks do not form in regional metamorphic settings under closed-system conditions; they may only form by interaction of a carbonate-rich source rock with a foreign, externally derived H 2 O-rich fluid. These fluids may be released during partial melting of pelitic rocks lying in the deeper part of the metamorphic pile. Under these conditions, calcite and quartz may react and produce wollastonite and release CO 2 gas. This consideration suggests that CO 2 -rich fluid inclusions in the Savcılıebeyit quartz veins were mainly metamorphic in origin. A similar conclusion is given by Pettke et al. (1999 and for the northwestern Alps. According to those authors, metamorphic devolatilisation of Mesozoic calc-schists is the main source of ore-forming fluids. This conclusion further suggests that higher temperature conditions in the deeper part of the crust caused partial melting and released metamorphic fluids, while metamorphic rocks exhumed to shallower levels are on their retrograde path. These fluids precipitated the postmetamorphic gold-quartz veins in the cooling rocks. Heterogeneous entrapment features, such as the presence of liquid-rich inclusions in addition to inclusions having highly variable liquid/vapour ratios, and vapour-rich inclusions in the same sample, and the wide range of homogenisation temperatures of the fluid inclusions, suggest that mixing of hot metamorphic fluids with cold, surface-derived, oxidised waters is also an important factor for gold enrichment in the quartz veins.
Consistently higher gold contents of veins near the surface may be explained through secondary enrichments caused by supergene alteration. The spatial and temporal distribution of supergene alteration zones and the absence of abundant hydrothermal quartz within the secondary alteration suggest that oxidising, limonite-and haematite-forming fluids in the Savcılı area did flow downward. The invoked fluid source is the overlying Lutetian sediments. These fluids have used the preexisting fractures and surfaces, hence, mostly affected the upper part of the quartz veins and surrounding host rocks.
In conclusion, Savcılı gold-quartz veins have many similarities to orogenic gold deposits of the Alpine and Variscan collisional belts in terms of metal associations, wall-rock alteration assemblages, mineralogy, formation conditions and structural control. The known Sb-Hg-W (+ Au) deposits of the Niğde region and the newly discovered gold mineralizations of the Kırşehir, Kayseri and Nevşehir regions suggest that the extensional tectonics and granite-migmatite dome structures of central Anatolia constitute a favorable geological environment for orogenic gold deposits. The existence of gold deposits in similar metamorphic and tectonic environments of the Alpine and Variscan belts indicates that future discoveries in central Anatolia are likely to be of economic significance. Further field investigations are necessary to better understand the extent and mode of formation of these gold enrichments.
